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If we write 

V 2 = c 2 ( 1+ 2^(*0) 

where c is the constant velocity of light, and in accordance with assump- 
tion V require that (16) be satisfied by expressions approximating the 

h 1 

coefficients in (17), we obtain <pi = — - — , — = 1 + 2<pi, where b is 

2c%i ai 

a constant. Hence, if we take a = 1, t = sin %t, which is a set of solu- 
tions of (18), we obtain the form (3). Another choice gives at once one 
of the forms found by Levi-Civita. 3 

1 Berlin Sitzungsberichte, 1915 (831). 
*Ibid., 1916 (189). 

3 Rendiconti dei Lincei (Ser. 5), 27, 1918 (350). 

4 Ann. Physik, 54, 1917 (117). 
6 Ibid., 56, 1918 (401). 

6 Eisenhart's Differential Geometry, (449). 
' Ibid., (157). 



A SIMPLIFIED METHOD FOR THE STATISTICAL INTER- 
PRETATION OF EXPERIMENTAL DATA 

By George A. L,inhart 

Division op Soil Chemistry and Bacteriology, University of California 

Communicated by W. J. V. Osterhout, June 1, 1920 

One of the fundamental postulates of the law of probability of errors 
is that positive and negative errors are equally frequent and that, there- 
fore, the arithmetical mean is the most probable mean. This is true 
when we are dealing with small independent errors, but in cases of inter- 
dependent values of natural frequencies (physical, biological, agricultural), 
it may or may not be true, depending upon the maximum deviation 
from the mean. Thus we can conceive of a molecule of oxygen gas with 
a momentary velocity of zero or of "infinity." 1 Yet the average velocity 
as determined from density and pressure measurements is but a few hundred 
yards per second, a value not very far from zero, but infinitely different 
from "infinity." When the frequencies of such data are plotted on rec- 
tangular coordinate paper, we obtain what are called skew curves. Within 
the last twenty-five years a great deal has been written concerning skew 
curves and their types, and, judging from the number which have thus 
far appeared in print, they promise to be of infinite variety. To these 
various types of frequency curves have been fitted mathematical formulas 
and with their aid statistical constants have been obtained, many of which 
we have reason to believe are theoretically inapplicable and practically 
misleading. 
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Iii a paper now in press and another in preparation, it is shown that 
all the types of frequency curves thus far published, excepting those having 
a zero class, conform to one mathematical expression. It is pointed out 
also that it is futile to try to fit discontinuous irregular frequencies as 
well as those having a zero class to mathematical formulas, since the 
statistical constants obtained from such formulas are too often misleading. 
For these types of natural or perhaps unnatural frequencies a graphical 
method is developed capable of yielding any desired degree of accuracy; 
that is, within experimental error. The general equation referred to 
above is, 

L. = e ~ v m °' (1) 

Jo 

where m denotes the numerical value of any measurement, m the value 
of the mean, e the base of natural logarithms, y any frequency, and y 
a frequency of the probability of a deviation zero. 

Obviously, when in equation (1), m is greater than zero and less than 
twice m , we may express the exponent of e in series, thus, 
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Neglecting all terms but the first, we obtain, 

= e - V m ) = e - = e - > (3) 



y 

which is identical with the usual form of the equation for the probability 
of errors, and which is but an approximation of equation (1). 

In order to minimize the labor and time required to perform a large 
set of calculations, often running into the thousands, equation (3) was 
transformed into a rectilinear one, thus, 

Log (Log y /y) = 2 Log x + 2 Log h — 0.3623 = 2 Log x + K (4) 

With a few determinative values for x read off on the frequency polygon 
constructed from the experimental data, we may obtain the value for K, 
which is the distance on the Log (Log y a /y) axis from the origin to the 
point of intersection. We can then calculate the several statistical 
constants from the value of K; for example, the index of precision, h; 
the probable error, x; the probable error of the mean, x ; the standard 
deviation ; the coefficient of variability, etc. ; or, 

* + 0.3623 
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0.4769 (10)- 
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0.4769 


k + 0.3623 

(10)- 2 , 


etc. 



684 AGRICULTURE: LIPMAN AND LINHART Proc. N. A. S. 

Details of the method, as well as numerous examples from biology, 
genetics, physics and agriculture will be given in two subsequent papers. 

1 Actually it was found that the chances are 20000 : 1 that a molecule of oxygen 
gas would have a resultant velocity, at 0° C, of less than 50 meters per second, or 
greater than 2500 meters per second, the mean being 353.6 meters per second. Here 
the mean is not the arithmetical mean of the variables, but the »th root of the products 
of the n (dependent) variables. The theoretical basis for this will be given in another 
paper. For a mathematical discussion see Galton and McAlister, Proc. Roy. Soc. 
Lond., 29, 1879 (365). 



A CRITICAL STUDY OF FERTILIZER EXPERIMENTS 

By C. B. Lipman and G. A. Einhart 

University op California 

Communicated by W. J. V. Osterhout, June 1, 1920 

Among the most expensive and time-consuming experiments in agri- 
cultural investigations have been those which attempt to ascertain the 
proper chemical amendments or fertilizers for soils. This applies in par- 
ticular to the long-term fertilizer experiments like those at Rothamsted 
in England, at State College in Pennsylvania, and at Wooster and Strongs- 
ville in Ohio. Conceived and inaugurated, as they were, at times when 
little or no real authentic information was available relative to the nature 
of soils and plants, it is but natural that fallacious and short-sighted plan- 
ning should have dominated them. It occurred to one of us that as critical 
thinking in this field has become more general, and facts more plentiful, 
it is high time that fertilizer experiments in general and the "long-term" 
experiments in particular be subjected to critical scrutiny. It seemed de- 
sirable to employ the statistical method for this purpose, particularly 
in view of the striking results obtained in this laboratory by our former 
associate, D. D. Waynick. It seemed clear to one of us that if, as Way- 
nick, and Waynick and Sharp had demonstrated, the variability of soils 
and of plants is very large even within selected and presumably uniform 
material, one could not expect previous fertilizer experiments to be of 
much value, since the factor of variability has been entirely ignored in 
their arrangement and study, and the probable error to which they were 
subject was not determined. Accordingly, Eipman and Waynick began 
in January, 1919, a systematic study by statistical methods of the results 
of fertilizer experiments at the Ohio and at the Pennsylvania Agricultural 
Experiment Stations. Mr. Waynick left this laboratory the following 
July, but with a number of interruptions, the work has been continued, 
and we hope to issue the voluminous data, together with a critical dis- 
cussion of them, in due course. Since the work may be a long time in the 
press, we deem it wise to present here a few of the salient and most im- 



